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Extensive studies2 indicate that the extreme carcinogenicity of 
certain arylamines is due to metabolic conversions that result in 
the formation of sulfate2 or acetate3 esters of hydroxamic acids, 
such as 1 and 2, respectively, which then ionize to form the 

Table I. Kinetics of Rearrangement of Monosubstituted 
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acylarylnitrenium ion 3 as the ultimate electrophilic carcinogen.2,4 

Unfortunately, relatively little evidence exists for the heterolytic 
cleavage of the sulfonate esters of TV-arylhydroxamic acids, pri­
marily because previous attempts to prepare this class of com­
pounds have led mostly to materials with rearranged structures.5'6 

We now wish to report on the synthesis, isolation, and charac­
terization of a series of methanesulfonate esters of monosubstituted 
TV-arylhydroxamic acids. We have demonstrated, through a 
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Miller, J. A.; Miller, E. C. J. Biol. Chem. 1960, 235, 885. Weisburger, J. H.; 
Weisburger, E. K. Pharmacol. Rev. 1973, 25, 1. See also; Miller, E. C. 
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classical Hammett a+p study that cleavage of the N-O bond of 
these esters occurs in a heterolytic manner with p = -9.24. 

In a general procedure, the appropriate substituted nitrobenzene 
derivatives, 4, were reduced to the corresponding iV-aryl-
hydroxylamines, 5, with zinc dust, ammonium chloride, and 
aqueous ethanol.7,8 Treatment of 5 with acetyl chloride in ether 
with an aqueous sodium bicarbonate second phase at 0 0C gave 
6a-f.8"10 For the preparation of 6g,8 it was necessary to use a 
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two-step procedure, which involved bisacetylation of 5g followed 
by removal of the 0-acetyl group through transesterification with 
methanol in 41% overall yield. The hydroxamic acids 6a-g were 
converted into the corresponding sulfonates, 7a-g,8 by reaction 
with methanesulfonyl chloride and triethylamine in methylene 
chloride below 0 0C (7a-d) or below 25 0C (7e-g). 

The thermal rearrangements of 7a-g were measured in chlo­
roform-^ and were followed by 1H NMR by monitoring the 
disappearance of the mesylate methyl group of 7 and the ap­
pearance of a new mesylate methyl group for the internal return 
product.11 Table I lists the rates of rearrangement that were 
observed. All rate studies were followed for at least three half-lives 
and showed excellent pseudo-first-order kinetics. Application of 
the Hammett equation showed that the rate data correlated ex­
cellently with <7+ and gave p = -9.24 (/• = 0.984). This excep­
tionally large p leaves little doubt that the N-O bonds of sulfonate 
esters of JV-arylhydroxamic acids undergo facile heterolytic 
cleavage, even in relatively nonpolar solvent environments such 
as chloroform. In all cases the product was that of internal return 
to the ortho position of the aryl moiety of the acetanilide.12 

(7) A modified literature procedure was used. Kamm, O.; Marvel, C. S. 
"Organic Syntheses"; Wiley: New York, 1941; Collect. Vol. 1, 445. Utzinger, 
G. E. Justus Liebigs Ann. Chem. 1944, 556, 50. The exception was 4g, which 
was prepared by an alternate method: Kuhn, R.; Weygand, F. Chem. Ber. 
1936, 69, 1969. 

(8) All compounds reported gave spectral data consistent with the assigned 
structures. Satisfactory exact mass molecular weights and/or elemental 
analyses were obtained on all new compounds. 

(9) Gupta, V. K.; Tandon, G. / . Indian Chem. Soc. 1969, 46, 831. 
(10) Yields varied from 28% to 80%. 
(11) The chemical shift of the mesylate methyl group of 7 varied from S 

3.04 to 3.13. The chemical shift of the mesylate methyl group of 8 varied from 
B 3.29 to 3.41 (1,2,4-trisubstituted acetanilides), S 3.38 to 3.53 (1,2,3-trisub-
stituted acetanilides), and & 3.20 to 3.31 (1,2,5-trisubstituted acetanilides). 
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In summary, the data presented above indicate the great pro­
pensity that exists for heterolytic cleavage of the N-O bond of 
suitably derivatized /V-arylhydroxamic acids. It provides a solid 
basis for the proposal that sulfate esters of 7V-arylhydroxamic acids 
can ionize to produce acylarylnitrenium ions as the ultimate 
carcinogens derived from certain aromatic amines. 
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(12) Product yields8 were determined by HPLC analysis vs. an internal 
standard. The yields were as follows: 8a, 100% (29:71 ratio of 1,2,3- to 
1,2,5-substitution); 8b, 86%; 8c, 100% (45:55 ratio of 1,2,3- to 1,2,5-substi­
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8g, 96%. All products were stable to the reaction conditions. 
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Many important redox reactions involve the formal transfer 
of hydride from a carbon-hydrogen bond.2,3 Compounds in which 
a carbon-hydrogen bond is adjacent to several carbon-metal bonds 
should be especially reactive,3b since loss of hydride or hydrogen 
may yield a cation or radical stabilized by hyperconjugation.4'5 

Loss of hydrogen is fastest when the carbon-hydrogen and car­
bon-metal bonds are antiperiplanar,6 so the best donors should 
resemble structure 1. The first synthesis of a compound of this 
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Wuest, J. D.; Zacharie, B. Ibid., in press, (b) Ducharme, Y.; Latour, S.; 
Wuest, J. D. Organometallics, in press. 

(4) Traylor, T. G.; Berwin, H. J.; Jerkunica, J.; Hall, M. L. Pure Appl. 
Chem. 1972, 30, 599-606. 

(5) Krusic, P. J.; Kochi, J. K. / . Am. Chem. Soc. 1971, 93, 846-860. 
Stark, T. J.; Nelson, N. T.; Jensen, F. R. / . Org. Chem. 1980, 45, 420-428. 

(6) Hannon, S. J.; Traylor, T. G. J. Org. Chem. 1981, 46, 3645-3650. 

Na2S/H2O 

-Ph 

Treatment of tris[(triphenylstannyl)methyl]methane (2)3b with 
6 equiv of iodine cleanly produced hexaiodostannane 3. Aqueous 
sodium sulfide converted this intermediate into 1,3,5-triphenyl-
2,4,6-trithia-l,3,5-tristannaadamantane (4)7'8 in 79% overall yield. 
The large coupling between the bridgehead hydrogen and tin 
(V(119SnJi) = 206.5 Hz)9 confirmed that all three carbon-tin 
bonds were antiperiplanar to the central carbon-hydrogen bond. 
The long tin-sulfur bonds (2.41 A)10 were expected to introduce 
a significant element of strain, and X-ray crystallographic study 
of compound 4 has shown that the bridgehead carbon is severely 
flattened as a result.11 

In chloroform at 25 0C, stannaadamantane 4 reduced tri-
phenylcarbenium hexafluorophosphate to triphenylmethane in 83% 
yield. Unlike the very slow reduction of triphenylcarbenium by 
tris[(triphenylstannyl)methyl]methane (2),3b reduction by stan­
naadamantane 4 is almost instantaneous. More impressive is the 
observation that stannaadamantane 4 reduces alkyl halides to the 
corresponding hydrocarbons. For example, when a-bromo-p-
phenylacetophenone (27 jumol) was warmed with compound 4 (30 
Mmol) and AIBN (16 /*mol) in benzene (1.5 mL, 75 0C, 3 h), 
p-phenylacetophenone was formed in 48% yield.12 In general, 
iodides are reduced fastest, followed by bromides and then 

(7) 1,3,5-Triphenyl-2,4,6-trithia-1,3,5-tristannatricyclo[3.3.1.13'7]decane. 
For an interesting review of related adamantanes, see: Mironov, V. F.; Gar, 
T. K.; Fedotov, N. S.; Evert, G. E. Usp. Khim. 1981, 50, 485-521. 

(8) The structure assigned to this new compound is consistent with its 
elemental analysis and its IR, NMR, and mass spectra. These data are 
included in the supplementary material. 

(9) For a study of the angular dependence of V(Sn.H), see: Quintard, 
J.-P.; Degueil-Castaing, M.; Barbe, B.; Petraud, M. J. Organomel. Chem. 
1982,234,41-61. 

(10) For a review of the structural chemistry of tin, see: Zubieta, J. A.; 
Zuckerman, J. J. Prog. Inorg. Chem. 1978, 24, 251-475. 

(11) Beauchamp, A. L.; Latour, S.; Olivier, M. J.; Wuest, J. D. J. Am. 
Chem. Soc. 1983, 105, 7778-7780. 

(12) Yields measured by NMR were nearly quantitative. We attribute the 
moderate isolated yields to the extremely small scale of our preparative re­
actions. 
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